Protective effects of timolol against the neuronal damage induced by glutamate and ischemia in the rat retina.
The purpose of this study was to determine whether timolol, an ocular hypotensive drug, has retinal neuroprotective effects in experimental in vitro and in vivo models. For in vitro studies, we used retinal neuron cultures from rat embryos and purified retinal ganglion cells (RGCs) from newborn rats. In the former, neurotoxicity was induced using 1 mM glutamate and cell viability was assessed. In RGCs, neurotoxicity was induced using 25 microM glutamate for 3 days and cell viability was assessed. For the in vivo study, we used a rat model of retinal ischemic injury induced by elevating intraocular pressure (IOP) by raising the hydrostatic pressure. The retinal damage was evaluated by counting the number of cells in the ganglion cell layer (GCL) and by examining the a- and b-waves in the electroretinogram (ERG). For the intraocular distribution study, 0.5% [3H]timolol was topically applied to rat eyes, and these were enucleated after various intervals and divided into parts. Each part was combusted and the radioactivity measured. Timolol (0.1 and 1 microM) markedly reduced the glutamate-induced neuronal cells in retinal neuron cultures and in RGCs. After ischemic-reperfusion, both the number of cells in the GCL and a- and b-waves in the ERG decreased; however, topically applied 0.5% timolol reduced these effects. Topically applied 0.5% timolol was detected at a concentration of approximately 1 microg/g wet tissue in retina-choroid at 30 min after its application. In conclusion, timolol was effective against retinal neuron damage both in vitro and in vivo. Furthermore, topically applied timolol reached the retina-choroid. These findings suggest that timolol has a direct neuroprotective effect against retinal damage.